Nonradiographic axial spondyloarthritis (SpA) and radiographic SpA (also known as ankylosing spondylitis) are currently considered as two stages or forms of one disease (axial SpA). The treatment with tumor necrosis factor-α (TNFα) inhibitors has been authorized for years for ankylosing spondylitis. In recent years, most of the anti-TNFα agents have also been approved for the treatment of nonradiographic axial SpA by the European Medicines Agency (EMA) and similar authorities in many countries around the world (but not in the US), increasing the number of possible therapies for this indication. Data from several clinical trials have demonstrated the good efficacy and safety profiles from those anti-TNFα agents. Presently, a large number of patients achieve a satisfactory clinical control with the current therapies, however, there remains a percentage refractory to nonsteroidal anti-inflammatory drugs (NSAIDs) and TNFα inhibitors; therefore, several new drugs are currently under investigation. In 2015, the first representative of a new class of biologics [an interleukin (IL)-17 inhibitor] secukinumab, was approved for the treatment of ankylosing spondylitis; a clinical trial in nonradiographic axial SpA is currently underway. In this review, we discuss the recent data on efficacy and safety of TNFα-inhibitors focusing on the treatment of nonradiographic axial SpA.
Introduction
Axial spondyloarthritis (axSpA) is a chronic inflammatory disease primarily affecting the axial skeleton (spine and sacroiliac joints) and frequently associated with HLA-B27. Patients with axSpA can also develop other typical SpA features like peripheral arthritis (usually monoor oligoarthritis of the lower limbs), enthesitis and dactylitis as well as extra-articular manifestations such as psoriasis, anterior uveitis and inflammatory bowel disease. 1 AxSpA is characterized by the presence of active inflammation in the sacroiliac joints and possibly the spine, which manifests as back pain and stiffness. In advanced disease, repair processes following active inflammation might lead to new bone formation in the spine with limitation of spinal mobility and functional impairment. 2 Depending on the presence or absence of definite radiographic sacroiliitis, axSpA is divided into radiographic SpA (also called ankylosing spondylitis, AS) or nonradiographic SpA (nr-axSpA), respectively. Definite radiographic sacroiliitis is defined by grade II and higher bilaterally or grade III and higher unilaterally according to the grading system of the modified New York (mNY) criteria. 3 The Assessment of SpondyloArthritis international Society (ASAS) criteria for axSpA cover both disease subtypes. 4 There is the tendency to accept that both forms are stages of one disease; several studies have shown that nr-axSpA and AS patients have similar characteristics in terms of burden of disease. [5] [6] [7] The introduction of this current concept of axSpA has been an important step towards earlier diagnosis and subsequently earlier treatment, specifically for the use
Tumor necrosis factor-α (TNFα) inhibitors in the treatment of nonradiographic axial spondyloarthritis: current evidence and place in therapy
Patients with axSpA whose disease activity remains high despite the adequate therapeutic trial of at least two different NSAIDs in maximal doses for at least 4 weeks in total, may be candidates for so-called biological DMARDs. 8 High disease activity is defined by the ASAS group as the Ankylosing Spondylitis Disease Activity Score (ASDAS) ⩾ 2.1 or the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) ⩾ 4. 8 Patients without definite radiographic sacroiliitis (i.e. patients with nr-axSpA) are additionally required to have either an elevated level C-reactive protein (CRP) or presence of active inflammation on magnetic resonance imaging (MRI) of the sacroiliac joints. 8 Currently, only two classes of biological DMARDs showed efficacy and are, therefore, recommended (according to the ASAS/EULAR recommendations) for the treatment of axSpA: TNFα inhibitors and the interleukin (IL) 17 inhibitor secukinumab, 8 although there are differences in the approval status of these drugs in AS and nr-axSpA (see below), as well as local guidelines, varying from country to country, sometimes limiting therapeutic options, especially in nr-axSpA.
The American College of Rheumatology/Spondylitis Association of America/Spondyloarthritis Research and Treatment Network recommendations for the treatment of AS and nr-axSpA are similar to the ASAS/EULAR recommendations, but do not include IL-17 blockade as a therapeutic option, since they were developed prior to approval of secukinumab for the treatment of AS. 12 Currently there are five anti-TNFα agents available for the treatment of AS: adalimumab, golimumab, infliximab (monoclonal antibodies against TNFα), certolizumab pegol (a PEGylated Fab fragment of a monoclonal antibody against TNFα), and etanercept (a soluble TNF-receptor construct). They have all demonstrated strong and similar efficacy in clinical trials in active AS with substantial improvement of the symptoms (ASAS40 response in 40-50% of the patients; 50% improvement of the BASDAI achieved by 50-60% of patients) as well as clear reduction of active inflammation on MRI. [13] [14] [15] [16] [17] Since 2012, the European Medicines Agency (EMA) recommended approval of four TNFαinhibitor agents (Table 1) for the treatment of nr-axSpA: adalimumab, 18 certolizumab pegol, 17 etanercept, 19 and golimumab 20 after having conducted respective phase III trials ( Table 2) . No phase III trial has been conducted for infliximab, consequently, infliximab is indicated formally only in active AS.
Based on the data from phase III trials in nr-axSpA, the EMA included presence of objective signs of inflammatory activity, either active inflammation on MRI or elevated CRP, as an obligatory condition for initiation of anti-TNFα therapy in patients with nr-axSpA, in addition to high clinical disease activity and failure of previous therapy. The use of TNFα inhibitors for the treatment of nr-axSpA in the US is not yet approved, reflecting the US Food and Drug Administration's (FDA) concerns about the natural course of nr-axSpA and the specificity of the ASAS criteria. 21 The FDA recognized in its document of 'Arthritis Advisory Committee Meeting 22 July, 2013' (see the meeting minutes here: https://www.fda.gov/downloads/Advisory Committees/CommitteesMeetingMaterials/Drugs/ ArthritisAdvisoryCommittee/UCM367285.pdf) the possibility of the presence of inflammation in sacroiliac joints without radiographic sacroiliitis, that is, the existence of nr-axSpA. Nevertheless, the FDA requests clinical development programs for the use of biological drugs in patients fulfilling the ASAS axSpA criteria to dissipate its concerns about the heterogeneity of population that could be included in ASAS criteria and to ensure the riskbenefit profile remains favorable for the indicated population.
The only IL-17 inhibitor currently available on the market (secukinumab) is approved for the treatment of AS in the US, EU and many other countries based on the favorable results of the phase III program. 22 The phase III study for the indication nr-axSpA is currently in progress [ClinicalTrials. gov identifier: NCT02696031].
Evidence for the efficacy of tumor necrosis factor-α inhibitors in nonradiographic axial spondyloarthritis
The approval of four TNFα inhibitors (adalimumab, certolizumab pegol, etanercept, golimumab) for the treatment of nr-axSpA was a result of successful phase III studies and some preceding studies conducted as investigator-initiated trials, the main results of which are summarized in Table 2 . Importantly, all these phase III trials had slightly different inclusion criteria ( Table 2 ) that resulted in a substantial variation in the response rates across the studies. Even in the target population (nr-axSpA with objective signs of inflammation, either elevated CRP or inflammation on MRI), some heterogeneity of responses is evident ( Figure 1A ) that could be attributed also to factors beyond the inclusion criteria (e.g. to geographic differences). Nonetheless, analyzing the active drug to placebo response ratio, we see a higher homogeneity of the results as shown in Figure 1B . In the following, we present the available data for the single drugs approved for nr-axSpA in more details.
Adalimumab
Adalimumab was the first TNFα inhibitor authorized by EMA in 2012 for use in Europe for patients with a nr-axSpA without an adequate response to NSAIDs, limited to those who show evidence of inflammation by elevated CRP and/or 23 Similar results were found in the ABILITY-1 study, a randomized, placebocontrolled phase III study for the indication of nr-axSpA, in which n = 185 patients with active nr-axSpA (according to the ASAS classification criteria) were randomized 1:1 to be treated with adalimumab 40 mg SC every 2 weeks versus placebo for 12 weeks, followed by an open-label extension up to week 114. Significantly more patients in the adalimumab group achieved the primary endpoint, ASAS40 response at week 12, compared with the placebo group (36% versus 15%, p < 0.001), Table 2 . 18 Recent data show that achievement of remission (i.e. ASDAS inactive disease, ASDAS <1.3) was associated with a clinically meaningful improvement in physical function, health-related quality of life and work productivity of those patients. 24 In this study, no restrictions in terms of symptom duration or objective signs of inflammation were applied. In the post hoc analysis, it became evident, that there was a significant difference in response rates to adalimumab versus placebo only in patients with objective signs of inflammation (elevated CRP and/or active inflammation on MRI of the sacroiliac joints), Figure 1 . This led to the approval of adalimumab as the first TNFα inhibitor for patients with active nr-axSpA demonstrating objective signs of inflammatory activity as defined above (target population).
Certolizumab pegol
Certolizumab pegol (CZP) has been evaluated in the RAPID-axSpA clinical trial for the treatment of all active axSpA patients. This phase III, randomized, double-blind, placebo-controlled study included 325 patients with axSpA (n = 178 with AS and n = 147 with nr-axSpA) to be treated with CZP SC 400 mg every 4 weeks versus 200 mg every 2 weeks versus placebo for a period of 24 weeks, followed by a dose-blinded phase up to week 48 and then an open-label extension until week 204. All included patients had to fulfill the ASAS criteria for axSpA and were required to have an objective sign of inflammatory activity: elevated CRP and/or osteitis on MRI of sacroiliac joints. There were no restrictions in terms of symptom duration of axSpA. The primary endpoint, ASAS20 response at week 12, was achieved by 57.7% and 63.6% in the CZP 400mg Q4W and CZP 200 mg Q2W, respectively, versus 38.3% in the placebo group for the entire axSpA population (differences to placebo were statistically significant). Analyzed by subgroups (AS versus nr-axSpA), both groups had a similar response to CZP with a slightly better response tendency in the nr-axSpA, particularly in the CZP 200mg Q2W group with ASAS20 58.7%, ASAS40 47.8% and ASAS partial remission 28.3% versus ASAS20 56.9%, ASAS40 40.0% and ASAS partial remission 20.0% in the AS group. Similar results were obtained from week 24, with moderately higher responses than at week 12, without clear differences between the two subgroups. 25 These data indicate that given a similar level of inflammatory activity (level of CRP, inflammation of MRI), a similar response to anti-TNFα therapy in nonradiographic and radiographic forms of axSpA can be expected.
In September 2013, EMA approved the use of CZP for the treatment of EU patients with nr-axSpA, elevated CRP and/or positive MRI, after showing a poor response to NSAIDs. 27, 28 Remarkably, this similar level of response remained also in the long-term extension up to year 4, indicating a similar course of the disease in nonradiographic and radiographic forms of axSpA. 29 Most recently, results of a 48-week period from the EMBARK study, a phase III study with etanercept in nr-axSpA, have been reported ( 30 Treatment of etanercept was associated with reduction of active inflammation in the axial skeleton on MRI in the ESTHER 28 and in the EMBARK studies. 19 Data from the ESTHER and EMBARK trials were the basis for the approval of etanercept in June 2014 for the treatment of active nr-axSpA in the EU, and subsequently, many other countries around the world.
Golimumab
Efficacy of golimumab in nr-axSpA was recently investigated in the phase III trial GO-AHEAD. In this double-blinded, randomized, placebocontrolled study, patients with nr-axSpA and symptom duration up to 5 years were treated with golimumab 50 mg SC every 4 weeks versus placebo up to week 16 with an open-label extension until week 60. Again, there were no restrictions regarding objective signs of inflammation in this trial. The first results after 16 weeks of treatment were recently published (Table 2, Figure 1 ). From the 198 patients included in the study, 71.1% and 40.0% of patients treated with golimumab and placebo, respectively (p < 0.001) achieved the primary endpoint -the ASAS20 response at week 16. Similar to previous reports, presence of objective signs of inflammation was clearly associated with a better response to golimumab. In patients with a negative MRI and normal levels of CRP at baseline there was no difference in the response rate between golimumab and placebo treatment. By contrast, patients with inflammation by MRI and/or elevated CRP at baseline, showed a significantly better treatment response to golimumab than to placebo (Figure 1 ). 20 Golimumab was approved in Europe by EMA in June 2015 for treating patients with nr-axSpA who have an inadequate response to NSAIDs and present elevated CRP and/or signs of inflammation by MRI.
Personalizing therapy with biological disease-modifying anti-rheumatic drugs
All TNFα inhibitors except infliximab are approved for the use in nr-axSpA in Europe and many other countries, but not in the US. They seem to have similar efficacy in axial symptoms; however, their efficacy might differ with regard to extra-articular manifestations. Following ASAS/ EULAR recommendations updated in 2016, 8 anti-TNFα monoclonal antibodies (infliximab, adalimumab, and golimumab), and to some extent also the Fab fragment of a monoclonal antibody certolizumab pegol, are preferred in patients suffering from inflammatory bowel disease or recurrent uveitis rather than etanercept. The data related to etanercept for the treatment of uveitis are inconclusive and there are several case reports describing Crohn's disease onset in patients with AS who started etanercept therapy. 31, 32 For those patients with nr-axSpA who have a lack of efficacy or intolerance to the first TNFα inhibitor, the ASAS/EULAR recommendations advise a change to a second TNFα inhibitor or a change of the drug class. 8 Although there are no specific data on the efficacy of TNFα inhibitors switching in nr-axSpA, the results of the previous studies with positive outcomes in AS [33] [34] [35] and axSpA 36 could be extrapolated to the nr-axSpA group. Moreover, to date, there is no biological treatment alternative to TNFα inhibitors for nr-axSpA. In contrast with AS, there is no approval yet for anti-IL-17 for the treatment of nr-axSpA patients. Data from large Scandinavian registries (DANBIO and ARTIS) confirmed that switching to a second TNFα inhibitor could be effective in AS patients. 37, 38 In addition, in the ARTIS, there was a significantly longer drug survival period in patients with AS who were receiving conventional DMARDs (sulfasalazine or methotrexate in the majority of patients) as comedication. 39 Similar observation regarding a conventional DMARD comedication was also made in the Swiss Clinical Quality Management cohort. 40 In contrast, these results were not confirmed in the Rheumatic Diseases Portuguese Register, where comedication with conventional DMARDs had no impact on the anti-TNFα retention. 41 Overall, available data do not justify a routine co-administration of conventional DMARDs with TNFα inhibitors in axSpA.
Zurfferey et al. did not see statistically significant differences in the anti-TNFα drug survival with regards to the classification of patients as nr-axSpA or AS 42 in a monocenter study. Similar data were obtained in a larger multicenter Swiss cohort. 43 Specifically for nr-axSpA, a Swedish cohort observed a favorable treatment course with an estimated 76% drug survival after the first year of treatment and 65% after the second year. In this cohort, positive predictive factors for a good drug survival were presence of inflammation in the MRI at baseline and male gender. 44 Overall, these data indicate that in nr-axSpA, a similar response to and survival of TNFα inhibitors, as is known for AS, can be expected.
Despite the great benefit that anti-TNFα therapy has brought to many patients with SpA, the high cost of these drugs is causing a substantial impact on national health economies. Therefore, in the recent years, the treatment guidelines were trying to optimize the use of anti-TNFα agents. The ASAS/EULAR recommendations of 2016 suggest the possibility of tapering the TNFα inhibitors once the patient has achieved sustained remission. 8 The cost-effectiveness of anti-TNFα medications in SpA is still controversial. The existing studies have focused on the disease progression in functional limitations and symptoms without considering the possible impact on ability to work that this treatment may have, such as reducing the risk of permanent work disability or sick days, decreasing the overall socioeconomic costs. 45 Other factors that might influence the cost effectiveness of TNFα inhibitors are the administration costs, the rebound assumption on patients after stopping the therapy and the longterm effect anti-TNFα therapy has on structural damage progression and therefore, on the physical function. 46 Considering all these parameters would help the institutional policy decisions and in designing better schemes and more cost-effective guidelines for the treatment of SpA.
Safety of tumor necrosis factor-α inhibitors in nonradiographic axial spondyloarthritis
The data available on safety of TNFα-inhibitors in patients with nr-axSpA are limited, however the results of the studies performed for those patients are similar to results observed in AS patients, without detecting new safety signals. All anti-TNFα agents are shown to be well tolerated and consistently safe in axSpA in short-and longterm treatment. The data reported from registers and clinical trials with their extensions suggest that there is no association between the treatment with TNFα-inhibitor and an increase in mortality or in the incidence of malignancies, including lymphoma (except skin malignancies), compared with the general population or with patients receiving therapy with conventional DMARDs. Most of the data collected for safety come from patients with rheumatoid arthritis and AS, as their treatment with TNFα-inhibitors have been available for almost 20 years. 47-51 Nevertheless, the risk of serious infection in patients receiving anti-TNFα therapy is significantly higher, specifically during the first 6 months of treatment. 52
It is recommended for all patients with axSpA including nr-axSpA who begin a therapy with an anti-TNFα agent to apply standard precautions relating to infections, malignancies and demyelinating diseases. Screening for tuberculosis infection before starting the TNFα-inhibitor is required due to the risk of reactivating a latent tuberculosis infection. Most countries recommend including a full medical history, physical examination, thorax X-ray and tuberculin skin test or interferongamma release assay in the screening process.
Patients with a positive result for a latent tuberculosis infection should receive a prophylactic treatment to prevent its reactivation. The necessary duration of tuberculostatic treatment before starting the TNFα-inhibitor is not clear, but most recommendations suggest administering at least 1 month of the tuberculostatic treatment prior to beginning the TNFα-inhibitor.
The formation of antidrug antibodies (ADAb), in this case, antibodies against TNFα agents, has been associated in different studies with a reduced clinical response and an increased incidence of hypersensitivity reaction. The lack of clinical response observed in patients with ADAb may be explained by immune-complex formation between anti-TNFα agent and ADAb, suppressing the drug activity and thereby limiting its therapeutic action. 53 The risk of developing ADAb varies with each type of TNFα inhibitor, most frequently observed in adalimumab and infliximab therapy. 54, 55 The effect that the antibodies can have on treatment response for axSpA remains unclear. 56 It seems that etanercept would be less immunogenic than the other TNFα inhibitors. 57
Future therapies
Although TNFα inhibitors have been a great advance in the treatment of axSpA, there remain 30-40% of patients who do not reach a good clinical response. So, there is an impetus to find other possible treatments for those patients. Most of the alternative therapies to TNFα inhibitor available for rheumatoid arthritis have been also tested in axSpA patients, but have not demonstrated good results. They have not been specifically tested for nr-axSpA but the results obtained from AS patients were unsatisfying. Rituximab did not show a sufficient response in patients with axSpA who previously failed to show substantial improvement with TNFα therapy, although there was some modest response in anti-TNFα-naïve patients. 58 Similar negative results were demonstrated in several studies with abatacept, anakinra, tocilizumab and sarilumab. [59] [60] [61] [62] Apremilast (a phosphodiaestherase-4 inhibitor approved for the treatment of psoriasis and psoriatic arthritis) was not superior to placebo with respect to the primary endpoints (ASAS20 response at week 16) in a phase III trial in AS [ClinicalTrials.gov identifier: NCT01583374].
Currently, it has been suggested that IL-17 might be an essential mediator of inflammation in axSpA. Secukinumab, a monoclonal antibody directed against IL-17A, was approved in 2015 for the treatment of AS supported by the data of the MEASURE 1 and MEASURE 2 clinical trials. 22 Anti-IL-17 agents, such as secukinumab and ixekizumab, are currently being tested for their efficacy in patients with nr-axSpA [ClinicalTrial.gov identifiers: NCT02696031 and NCT02757352].
Another potentially effective drug in axSpA interfering with the Th17 axis by blocking IL-23 is ustekinumab, a monoclonal antibody against p40 subunit of IL-12 and IL-23, that is authorized for the treatment of psoriasis and psoriatic arthritis. In axSpA, the data from a proof-ofconcept trial with ustekinumab in patients with active AS are encouraging. 63 Currently, there are several phase III clinical trials in axSpA, and one ongoing study specifically for nr-axSpA [ClinicalTrial.gov identifier: NCT02407223].
Conclusion
In recent years, TNFα-inhibitors have been extensively investigated in phase III programs in nr-axSpA. There have been no head-to-head trials comparing TNFα-inhibitors in nr-axSpA (or in AS). An indirect comparison based on the results of phase III trials is difficult, due to different inclusion/exclusion criteria, the presence of objective signs of inflammation (required to be present in the certolizumab pegol study), and, in particular, study duration (no restrictions in terms of study duration in the adalimumab and golimumab trials).
However, it is evident that TNFα inhibitors are significantly more effective than placebo only in the 'target population', nr-axSpA patients with objective signs of inflammation (positive CRP and/or osteitis in the sacroiliac joints/spine on MRI). Therefore, the current indication for TNFα-inhibitors (adalimumab, etanercept, certolizumab pegol and golimumab) in nr-axSpA requires not only clinically active disease not responding to the first-line therapy (usually with NSAIDs), but also the presence of the mentioned objective signs of inflammation. Nonetheless, even in patients representing the target population, the efficacy data still appear heterogeneous (Figure 1a ), most likely due to factors beyond symptom duration and inflammatory activity.
Presenting the data as a ratio of active-drug-toplacebo response yields more homogeneous results (Figure 1b) . Importantly, patients with comparable levels of inflammatory activity demonstrate similar response to TNFα inhibitors irrespective of the presence or absence of radiographic sacroiliitis. There were no new safety signals in any of the studies for nr-axSpA. Longterm studies (up to 10 years) are underway now, as well as registries.
Currently, a number of new drugs mostly targeting the Th17 pathway are under investigation in both radiographic and nonradiographic axial SpA.
Despite major advances, several challenges in the treatment of nr-axSpA remain:
(1) Only a small proportion of patients achieve the primary treatment target, 64 remission. Early recognition and early and tightly controlled treatment might improve the outcome; however, this should be demonstrated in respective trials. (2) There are only limited data about the possibility of discontinuation of TNFα inhibitors upon achievement of remission in nr-axSpA. Previous studies suggest that discontinuing treatment leads to relapse/loss of remission in 60-80% of patients after stopping the therapy for up to 1 year. [65] [66] [67] Currently, a number of trials investigate strategies for treatment discontinuation versus dose tapering versus continuous treatment with TNFα inhibitors after achieving remission in nr-axSpA [ClinicalTrials.gov identifiers: NCT01808118, NCT02505542 and NTC02509026]. (3) Finally, the potential prevention of structural damage development in the sacroiliac joints and spine by treating patients at the nonradiographic stage is of high interest and relevance for the long-term outcome. It needs to be proven in clinical trials if early and effective anti-inflammatory treatment might indeed prevent structural damage development in the axial skeleton, as suggested in observational studies. 68, 69 In summary, availability of TNFα inhibitors for the treatment of patients with nr-axSpA certainly contributes to the improving of the short-and long-term outcomes in this disease by broadening the spectrum of possibilities for those who do not respond to firstline treatments. In the near future, we will certainly see a further increase in the number of therapeutic options in axSpA, including nr-axSpA, that would require development of optimized and ideally individualized treatment strategies to reach and maintain the remission status. 
